Introduction
Hypermotor seizures (HMSs) are seizures that are characterized by involvement of the body axis or proximal limb segments, resulting in large amplitude movements (such as rowing, kicking, or bicycling), and are commonly observed in frontal lobe epilepsy. 1 
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Purpose: To describe the characteristics of electroclinical manifestations in patients with hypermotor seizures (HMSs) originating from the temporal lobe. Methods: We retrospectively reviewed the data of patients who underwent surgical treatments for seizure to identify patients with HMSs of temporal origin. We systematically reviewed patient seizure histories, imaging reports, video-EEG monitoring data, operative records and pathological findings. Results: Eight of the 9 patients reported auras. The ictal behavior included marked agitation in 5 patients and mild agitation in 4 patients. All of the 9 patients exhibited stiffness or dystonia of the upper limb or contralateral limbs during ictus. Seven of the 9 patients completed intracranial recording and at least 3 seizures were recorded for each patient. The intracranial recordings showed ictal activity originating from mesial temporal lobe in 6 patients and the lateral temporal lobe in 1 patient. The time interval of ictal propagation from the temporal to frontal lobe was 15.0 AE 8.3 s. While the time interval from EEG origination to the beginning of hypermotor behavior was 21.0 AE 8.1 s. Brain MRIs revealed hippocampal sclerosis in 3, neoplastic lesion in 1, and normal images in the remaining 5 patients. Patients were followed for 1-5 years after the anterior temporal lobectomy; 7 patients remained seizure-free throughout follow-up. Conclusion: Some HMSs can originate from the temporal lobe. In carefully selected patients, surgical resection may lead to good outcomes.
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that were resistant to the appropriate anticonvulsant medications. (Table 1) 2.2. Presurgical evaluation
MR imaging
Each patient underwent a standard MRI protocol that was performed using a 1.5-T MR scanner (Siemens Magneton Vision; Siemens, Munich/Erlangen, Germany) and consisted of conventional spin-echo T1-weighted axial, sagittal, coronal and T2-weighted axial sequences (section thickness: 5 mm, image gaps: 1 mm). Additionally, 5-mm-thick Fluid Attenuated Inversion Recovery images were obtained such that axial and coronal sections were perpendicular to the long axis of the hippocampus.
Video-EEG monitoring and seizure semiology
Each patient underwent interictal/ictal scalp EEGs that were recorded using a video-EEG monitoring system (Micromed; Treviso, Italy) with electrodes placed according to the international 10-20 system. The duration of video-EEG monitoring ranged from 2 to 15 days, and at least 3 habitual seizures were recorded for each patient. The major ictal manifestations were categorized according to the International League Against Epilepsy (ILAE) classification and the Rheims' classification systems. 1, 10 Ictal manifestations were categorized as: (1) marked agitation including body rocking, kicking or boxing behavior while sitting upright, or (2) mild agitation characterized by horizontal movement or rotation of the trunk and pelvis.
Intracranial EEG monitoring
Intracranial EEG monitoring was performed in 7 of the 9 patients to confirm temporal lobe seizure origination. In these patients, the frontal lobe and temporal lobe were exposed during the procedure. Electrodes were implanted in both the temporal and frontal lobe. The placement of grid electrodes in the frontal lobe was guided by noninvasive exams and intraoperative electrocorticography (ECoG). In most cases, additional strip/grid electrodes were implanted to cover the cingulate gyrus and/or the orbitofrontal cortex. The mesial structure was also covered to identify possible involvement of the temporal lobe in seizure origination ( Fig. 1) . At least three habitual seizures were recorded for each patient during intracranial EEG monitoring. We reviewed the traits of each seizure including the ictal pattern, time interval of propagation, origination behavior, etc.
Surgery and pathological diagnosis
Classical anterior temporal lobectomy was performed in all nine patients (4 cm in the left anterior temporal lobe and 5 cm in the right anterior temporal lobe). All patients were followed postoperatively for more than 1 year. All tissue sections were routinely processed to obtain detailed pathological diagnoses.
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Histopathological diagnoses were made using Palmini et al.'s terminology and classification of cortical dysplasias were made according to the World Health Organization Classification of Tumors of the Central Nervous System by at least two neuropathologists.
12,13

Results
The characteristics of all 9 patients are summarized in Table 1 . None of our patients had a family history of nocturnal seizure. One patient experienced seizure attacks dominantly in the evening, 2 patients experienced mainly daytime seizures, and 6 patients experienced seizures equally throughout the daytime and evening. Eight of the 9 patients experienced auras: 5 patients experienced fear and/or palpitation, 2 patients experienced a rising gastric sensation, and 1 patient experienced a feeling of blankness. Ictal behavior included marked agitation in 5 patients and mild agitation in 4 patients. All of the 9 patients exhibited stiffness or dystonia of the contralateral upper limb or limbs during ictal behaviors.
Seven of the 9 patients completed intracranial recording. In total, intracranial recording noted 23 seizures; at least 3 seizures were recorded for each patient. Intracranial recordings showed ictal activity originating from the mesial temporal lobe in 6 patients, and from the lateral temporal lobe in 1 patient. The pattern of EEG origination in each patient is presented in Table 2 . The location and pattern of the ictal EEG propagation were also recorded in detail (Table 2) , and examples are illustrated in the supplementary material (Figs. 2 and 3 ).
In the 23 seizures recorded in the 7 patients who completed intracranial recording, the average time interval between electrical onset and the appearance of hypermotor behaviors was 21.0 AE 8.1 s (range: 7-38 s). The average time interval between ictal onset in the temporal lobe and ictal discharges appearing in frontal lobe was 15.0 AE 8.3 s (range: 3-28 s). Additionally, we measured the time interval between frontal lobe involvement to the beginning of hypermotor behavior, which was 6.0 AE 6.8 s (range: 0-22 s). Details of the temporal aspects of seizures are listed in Table 2 .
In all 30 seizures that were recorded in the entire population of 9 patients by video-EGG, certain behaviors were observed prior to the burst of hypermotor automatism in 7 patients. These behaviors included: eye opening in 3 patients, scared or fearful facial expression in 2 patients, automatisms of the hands in 3 patients, rigidity of the arms in 2 patients, vocal shouting in 1 patient, hemifacial twitch in 1 patient, and telling premonitions in 1 patient.
The MRI results revealed hippocampal sclerosis in 3 patients, neoplastic lesion in 1 patient, and normal images in the remaining 5 patients. The pathological examinations revealed hippocampal sclerosis in 4 patients, hippocampal sclerosis plus focal cortical dysplasia (FCD) in 1 patient, FCD or heterotopia in 3 patients, and ganglioglioma in 1 patient. All patients were followed for 12-48 months after surgical intervention. Seven of 9 patients were seizure-free, and the remaining two patients experienced seizures which were different from the former HMSs in the follow-up. In case 1, the seizure frequency decreased obviously and the ictal behavior changed to hemifacial and limbic twitch. In case 8, there was no seizure in the first 2 months after operation, and seizures reoccurred in the following months. However, the seizure frequency reduced more than 50%, and there was no hypermotor behavior anymore.
Discussion
Previously reported studies have indicated that only 2.3% of patients with temporal lobe epilepsy manifest hypermotor semiology.
14 Pfander argued that HMSs are more common in patients with neocortical temporal lobe epilepsy (6%) than in patients with mesial temporal lobe epilepsy (1%). 15 In our series, 0.7% of all patients who received surgical treatment for epilepsy exhibited HMSs. Only 1 of our 7 patients who underwent intracranial recording experience HMSs originating from the neocortical temporal lobe, and the remaining 6 patients experienced seizures originating from the mesial temporal lobe. The number of patients with mesial temporal lobe epilepsy was larger than that of patients with neocortical temporal lobe epilepsy; this may underlie the differences observed between the present study and prior studies. Carreñ o et al. suggested that hypermotor semiology is much more common in temporal lobe pathology involving the temporal pole. patients reviewed reported auras that often occur in temporal lobe epilepsy, such as rising gastric sensation and fear or palpitation. Second, the complex motor automatisms were prevalent in the side ipsilateral to the origin of epileptic discharge while the contralateral arm exhibited dystonia. 16 All of the 9 patients in our group demonstrated dystonic or stiff posture of the contralateral arm. It is well known that complex automatisms accompanied by dystonic or stiff postures are frequently observed in temporal lobe seizures, whereas they are rare in frontal lobe epilepsy. 17, 18 Third, the hypermotor behaviors may obvious later than the beginning of ictal EEG activities. Therefore, these behavioral traits imply temporal lobe origination and help to differentiate this group from the more common HMSs arising from the frontal lobe. It is interesting that epileptic discharges originating in the temporal lobe can produce hypermotor behavior. Currently, intracerebral recordings cannot provide sufficient information in these cases to this effect. Previous stereo-electroencephalographic (SEEG) investigations have suggested that complex motor automatisms and complex behaviors may appear when ictal discharge in the temporal lobe is sustained and extends involving extratemporal structures such as the cingulate and frontal regions. The time interval between electrical onset and the appearance of hypermotor behavior was 8-15 s. 2, 16 In patients with insularopercular HMSs reported by Proserpio et al., 19 complex behaviors appeared 20 s after electrical onset. In our group, the time interval was 21.0 AE 8.1 s (range: 7-38 s). Most of this interval consisted of the delay of ictal activity propagation from the temporal to frontal lobe, which was 15.0 AE 8.3 s (range: 3-28 s). When epileptic discharges propagated to the frontal lobe, hypermotor behaviors were observed earlier (mean time interval: 6.0 AE 6.8 s), which was similar to HMSs originating from the frontal lobe. This result suggests that HMSs originating from the temporal lobe was the result of the propagation of ictal discharges. Complex motor automatisms occurred when the frontal lobe was involved. During propagation, patients reported auras or exhibited slight behaviors. The relatively long delay between electrical onset and the appearance of complex behaviors was also consistent with previous descriptions of temporal lobe epilepsy. The pathway by which ictal discharges propagate to the frontal lobe and the specific frontal areas requiring activation to induce HMSs remain unclear. Wang reported data collected from two patients using intracranial recording that supported the hypothesis stating that hypermotor manifestations of seizures associated with temporal pole lesions arise from direct spreading from the temporal pole to the frontal lobe. 20 In our study, spike activity was the most common type of originating discharge (observed in 5 patients), while rhythmic spiking and flattening were often recorded in the frontal lobe when ictal activity was propagated. The first activated area of the frontal lobe was variable between patients. The cingulate gyrus and orbitofrontal regions, where we focused much of our attention, were not always the earliest activated area. This may imply that HMSs result from the activation of cortical or subcortical pathways and that a complex anatomic and functional network participates in the HMS genesis. From another point of view, it may show the limitation of our intracranial recording with subdural electrodes. Seizure propagation pattern and networks can only be estimated by ''surface''-propagation of the brain with subdural electrodes, but do not give clue about seizure propagation via anatomical pathways and how epileptogenic networks are involved and connected. Vaugier et al.'s study on the involved brain networks is a good supplement to our report. 4 They tried to define the neural structures involved in HMSs originating from the temporal lobe by SEEG. They concluded that the temporal pole and its connexions with mediobasal prefrontal cortex represent the main structures involved in epileptogenic networks. In our series, there were two patients without seizure-free, however, the epileptogenic networks were obviously disturbed. Therefore, the temporal lobe may be a part of origin of HMS in these patients. This also implied the limitation of ''surface'' recording. In addition, functional imaging provided some clues to the involved brain networks. A previous study of ictal perfusion using single photon emission computed tomography (SPECT) demonstrated two distinct clusters of significant hyperperfusion in HMSs: (1) involving the bilateral frontomesial regions, cingulate gyri, and caudate nuclei, and the other involving the ipsilateral anteromesial temporal structures, frontoorbital region, insula, and basal ganglia. 21 According to some authors' hypotheses, a large neuronal network, comprising the anterior cingulate and temporolimbic cortices, could sustain these complex seizures with important affective symptoms.
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From Tinuper et al.'s point of view, dystonic-dyskinetic effects observed in the arm contralateral to the epileptic origin may suggest ictal involvement of subcortical structures, and that cortical ictal discharges are not merely confined to the orbitofrontal regions but they also disinhibit other cortical or subcortical structures and provoke primitive behaviors. 26 Furthermore, our former study, as well as that of Rheims et al. suggested that these elements may imply that the symptomatic zone involves the dorsal and mesial premotor cortex or supplementary motor area. 1, 27 Epileptic discharges that were first recorded in premotor cortex in 2 of our patients also support this view. Both seizures with marked agitation and seizures with mild agitation were recorded in our series of patients with HMSs of temporal origin. Four patients developed secondary generalized seizures in all of their 13 recorded seizures. On one hand, the implantation of cortical electrodes and the reduction of pharmacotherapy may explain this effect; on the other hand, it also implied that HMS originating from the temporal lobe may result from electrical propagation that may spread to broader cerebral regions to induce generalized seizures.
In conclusion, some HMSs can originate from the temporal lobe. Though the complex functional network contributing to HMSs is not clear, the frontal lobe may be involved. In carefully selected patients, surgical resection of temporal epileptogenic zones may lead to good outcomes.
